ABSTRACT Aflatoxin B1 (AFB1) is very harmful for broiler production and public health. The water-soluble castoff in gluten production, i.e., the water-soluble substances of wheat (WSW) that contains 14% pentosan has positive effect on animal nutrient absorption, immunity, and antioxidation. Our study aims to investigate the preventive effects of WSW against AFB1-induced broiler liver injury. One day-old Arbor Acres broilers were randomly separated to 4 groups and were, respectively, fed with control diet, diet with 5 mg/kg AFB1 standard, diet with 5 mg/kg AFB1 standard and 214 ml/kg WSW, and diet with 214 ml/kg WSW continuously for 28 d. The histopathological, ultrastructural, and serological changes were tested to evaluate liver damage. The hallmarks of hepatocellular autophagy, apoptosis, and inflammation were measured by Western Blot and real-time polymerase chain reaction. The content of AFB1 in chicken liver was detected with an ultra-high performance liquid chromatography linked with the fluorescence detection method. The results showed that (i) WSW restored AFB1-induced changes in serum biochemical parameters, and ameliorated histomorphological changes in hepatocytes, (ii) WSW reduced the content of AFB1 in chicken liver, (iii) WSW alleviated AFB1-induced autophagy inhibition by up-regulating hepatic LC3, beclin-1, and down-regulating hepatic mTOR and cytoplasmic P53 expressions, (iv) WSW alleviated AFB1-induced hepatocellular apoptosis via inhibiting pro-apoptotic gene expression (nuclear P53, Caspase3, Bax), and promoting anti-apoptotic gene expression (bcl-2), (v) WSW feeding ameliorated AFB1-induced liver inflammation via impeding TLR4/NF-κ B and IL-1/NF-κ B signaling pathways, down-regulating pro-inflammatory cytokines (IL-1β , IL-6, and IL-8), and markedly up-regulating anti-inflammatory genes (IL-10 and HO-1). Conclusively, WSW is a potential preventer of AFB1-induced broiler liver damage by reducing the AFB1 content in liver, accelerating hepatocellular autophagy and inhibiting hepatocytes apoptosis and liver inflammation.
INTRODUCTION
Aflatoxin B1 (AFB1) is the most common carcinogenic toxin in the feed of livestock and poultry. Although chickens are less sensitive to AFB1 in comparison with turkeys and ducks (Rawal et al., 2010) , the AFB1 in feed causes chronic and sub-chronic toxicity that is very harmful for chicken farming. It has been reported that the sensitivity of broilers to AFB1 is higher than laying hens (Micco et al., 1988) . AFB1 poisoning in broilers negatively affects the growth efficiency and the fecundity of broilers. In addition, AFB1 poisoning inhibits the immune system function of broilers and further increases the susceptibility of broilers to infectious C 2018 Poultry Science Association Inc. Received April 20, 2018. Accepted July 26, 2018. 1 Corresponding author: zhangxiuying@neau.cn diseases resulting in greater morbidity and mortality (Kraieski et al., 2016; Yuan et al., 2016) . It has been well documented that AFB1 and its harmful metabolites accumulated in the liver, kidney, and muscles of broilers (Cui et al., 2017) . The residual AFB1 and its metabolites in the edible tissues of chicken maybe harmful to human. Thus, AFB1 poisoning in broilers is extremely harmful for animal husbandry and public health. Finding an economical, safe, and effective method to protect broiler chickens against AFB1 toxicity is extremely in need.
Wheat gluten is an essential ingredient in Chinese daily life. During the gluten production, approximately 14% of pentosan is contained in the watersoluble castoff, i.e., the water-soluble substances of wheat (WSW). The anti-nutritive effect of wheat pentosan has been reported in some research studies (Choct et al., 1992; Pirgozliev et al., 2015) but is still controversial. Some other reports showed that the content of 136 pentosan is positively correlated to the apparent metabolizable energy of wheat (Annison et al., 1987; Wynn et al., 1991) , which means pentosan also has positive effect on nutrient absorption. Recently, a few researchers have noticed the antioxidant function of wheat pentosan and also found that wheat pentosan has positive effect on immunity (Martínez-Tomé et al., 2004; Vitaglione et al., 2008; Laparra and Sanz 2010) . The effect of water-soluble wheat pentosan against AFB1-induced liver damage has never been reported.
In conditions of hunger, stress, infection, etc., cell autophagy contributes to cell survival (He and Klionsky 2009) and plays an important role in cell self-protection by transfer the damaged proteins and organelles into lysosomes for degradation and recycling. Low nutrient conditions inhibit the expression of mammalian target of rapamycin (mTOR) which resulting in activation of cell autophagy (Mizushima, 2010; Jewell et al., 2013; Lamb et al., 2013) . Beclin-1 is a key gene contributes to the assemblage and forming of autophagosome (Matsunaga et al., 2009 ). Microtubule-associated protein light chain 3 (LC3) family is the most important marker of cell autophagy. LC3b protein expression, especially the ratio of LC3b-II/LC3b-I, is commonly used to monitor autophagic activity (Schaaf et al., 2016) . It would be enthralling to investigate the mechanism of AFB1-induced cell autophagy change in broiler liver that will help in exploring drug-target genes for preventing and curing AFB1-induced hepatotoxicity.
Commonly, cells die in 2 ways: necrosis and apoptosis. Necrotic cells' content leakage causes inflammation. Toll-like receptor-4 (TLR4) is a cell signal receptor. TLR4 receives extracellular signals (such as lipopolysaccharide, respiratory syncytial virus (Hoshino et al., 1999; Kurt-Jones et al., 2000) ) and triggers inflammatory response by activating nuclear factor κ B (NF-κ B). The activated NF-κ B will further regulate inflammatory-related genes such as interleukins (IL), tumor necrosis factor (TNF), etc. (Fitzgerald et al., 2003; Sato, et al., 2003; Yamamoto et al., 2003) . IL-1β , IL-6, and IL-8 are pro-inflammatory cytokines. IL-10 and heme oxygenase-1 (HO-1) play important roles in anti-inflammation.
Cell apoptosis contributes to homeostasis and hostdefense. Hepatocellular abnormal apoptosis usually correlates with chronic liver diseases (Luedde et al., 2014; Vince et al., 2014) . Caspase-3 is a marker of apoptosis. Bax involves in promoting apoptosis, whereas Bcl-2 expression inhibits cell apoptosis. Resent research discovered that P53 is involved in both apoptosis and cell autophagy. P53 expression in nucleus contributes to apoptosis, whereas P53 expression in cytoplasm negatively regulates cell autophagy (Tasdemir et al., 2008) . In vitro studies have reported that AFB1 induces hepatocyte apoptosis synthetically via death receptor pathway and mitochondrial pathway (Liu and Wang, 2016; Mughal et al., 2017) . However, limited information is available about AFB1-induced apoptosis in broiler liver.
This study aims to investigate the preventive effects of WSW against AFB1-induced liver damage in broilers. Evaluate the potential of using water-soluble castoff of gluten production in preventing AFB1-induced broilers liver toxicity.
MATERIALS AND METHODS

Animals and Diets
One day-old Arbor Acres broilers fed basal diet (control group), diet with 5 mg/kg AFB1 standard (AFB1 group), diet with 5 mg/kg AFB1 standard and 214 ml/kg WSW (A+W group), and diet with 214 ml/kg WSW (W group) continuously for 28 d. Each group consisted of 15 chicks. The basal diet consisted of 54.2% corn, 34% soymeal, 5% rapeseed meal, 1.5% calcium hydrogen phosphate, 1% stone powder, 0.3% salt, 3% oil, and 1% additive. The AFB1 standard (purity ≥ 99.0%, Sigma-Aldrich St. Louis, MO, USA) was dissolved by methanol (which evaporates easily), and then equably mixed in the diet, and finally the feed air-dried at 37
• C. WSW was kept in 4
• C and was equably mixed in the diet before feeding chickens. Healthy Arbor Acres broilers were purchased from an authorized (Registration number; 230,108,799,294,096) commercial hatchery (Yi Nong, Harbin, Heilongjiang, China). The basal diet was purchased from Shen Nong Feed Company (Harbin, PR China). WSW, the water-soluble castoff of wheat gluten production (contains 14% of pentosan), was obtained from Great Northern Wilderness Feng Wei Food Co., Ltd., (Heilongjiang, China). After receiving the different diets for 28 d, chickens were weighed and then euthanized with sodium pentobarbital and sacrificed by the cardiac puncture method. The blood obtained from heart was used for serological tests. The livers were separated immediately for histomorphological tests and mRNA, protein extraction. All of the experimental protocols were approved by the Shenyang Agricultural University Animal Care and Use Committee (Animal Ethics Procedures and Guidelines of the People's Republic of China) prior to the initiation of the study.
Liver AFB1 Content Detection
Ultra-high performance liquid chromatography linked with the fluorescence detection method was used in detecting the content of AFB1 in chicken liver. The details of this method have been reported in our former research (Cui et al., 2017) .
Serological Test
Alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), and gamma-glutamyltransferase (GGT) levels in serum were measured with enzyme rate assay manufactured by Shanghai Fenghui medical technology Co. Ltd. All the indexes were determined using a Beckman CX4 automatic biochemical analyzer (Beckman Coulter, Inc., USA).
Liver Histomorphology
Histopathology Chicken liver tissues were fixed in 10% neutral formalin, dehydrated in graded ethanol solutions (from 75 to 100%) at 4
• C and embedded in paraffin at 58
• C. The liver sections (4 μm) were dewaxed in xylene, passed through graded ethanol solutions (from 100 to 70%), stained with hematoxylin and eosin (HE), and then examined by 5 pathologists unaware of the experimental conditions. Ultra-structural Pathology Liver tissues (about 1 mm 3 size) were kept in 0.25% glutaraldehyde (pH 7.2, SPI, USA) at 4
• C and were fixed in 1% osmic acid for 70 min. Then, the liver tissues were dehydrated in graded ethanol solutions and acetone, embedded in epoxy resin. The ultra-thin sections (50 to 70 nm) of liver tissue were stained with 2% uranyl acetate and lead citrate. The ultra-microstructure of hepatocytes was examined by a transmission electron microscope manufactured by HITACHI, Japan (Model number: H-7650).
Real-Time PCR
Liver cells were disrupted by TRIzol reagent (Invitrogen, Carlsbad, USA). The total RNA isolation and the process of reverse transcription were the same as our former report . ABI 7500 sequence detection system was used in performing SYBR-Green quantitative real-time polymerase chain reaction (RT-PCR). The mRNA levels of p53, mTOR, caspase3, bax, TLR4, , and HO-1 were normalized to β-actin. The relative change in mRNA gene expression was calculated using the 2 −ΔΔCt method. Primers were designed using Primer Premier 5.0 software and were based on the gene sequences available at the National Center for Biotechnology Information (Table 1) .
Liver Protein Extraction
Hepatic Cytoplasmic and Nuclear Protein Extraction The cytoplasmic and nuclear proteins in chicken liver were extracted using the Nuclear and Cytoplasmic Protein Extraction Kit manufactured by Beyotime Biotechnology.
Hepatic Total Protein Extraction The liver cells were lysed by RIPA (Beyotime, Guangzhou, China) and centrifuged at 12,000 × g for 5 min. The supernatant that contains the liver total protein was collected.
Western Blot
The protein concentrations were determined with the BCA Assay Kit manufactured by Beyotime Biotechnology. The proteins were separated by SDSpolyacrylamide gel electrophoresis, transferred to nitrocellulose/polyvinylidene difluoride membranes (Pierce Biotechnology, Rockford, IL/Bio-Rad Laboratories, Hercules, CA) electrophoretically, and blocked in phosphate buffer containing 0.1% Tween 20 and 5% nonfat milk for 1 h at room temperature (RT). Blots were incubated with the primary antibodies (β-actin, Histon H1, TLR4 and LC3b, 1:400 diluted; P53, mTOR, Caspase-3 and Bax, 1:300 diluted; LC3a and NF-κB p65, 1:200 diluted) over night at 4
• C. The manufactures and article numbers of the primary antibodies are shown in Table 2 . The membranes were then incubated with horseradish peroxidase-conjugated antibody (goat anti-rabbit and goat anti-mouse, UNIV biological technology Co., Ltd, Shanghai, China) for 1 h at RT. After further washing with phosphate-buffered saline, blots were incubated in commercial chemoluminescence reagents (Amersham Biosciences, USA). Band intensities were measured using ImageJ software (National Institutes of Health, USA). Protein expressions in nucleus and cytoplasm were normalized in relation to Histon H1 and β-actin, respectively.
Statistical Analysis
Three replicates of experiments were used to generate an individual data point in each of the independent experiments. Results are expressed as mean ± standard deviation (SD). SPSS version 17.0 was used for data analyses. ANOVA was used to compare quantitative data among groups following the serological tests, and the mRNA and protein expressions tests.
RESULTS
WSW Alleviate AFB1-Induced Liver Injury
Serological test (Figure 1 ) results showed that the levels of ALT, AST, ALP, and GGT in chicken serum were increased significantly by AFB1 exposure. ALT, AST, ALP, and GGT levels in serum were much lower in chickens fed with both AFB1 and WSW than the chickens fed with AFB1 alone, but ALT, ALP, and GGT levels were still higher than the control group. Compared to control group, WSW feeding did not change ALT, AST, ALP, and GGT levels in serum statistically. The liver sections stained with HE ( Figure 2 ) gave evidence of significant hepatocytes steatosis (black arrows), necrosis and inflammatory cells infiltration (red arrows) in AFB1 group. In A+W group, the liver steatosis and necrosis disappeared, but there still have slight inflammatory cells infiltration (red arrow). There is no evidence of pathological change in control group and W group. 
WSW Alleviate AFB1-Induced Body Weight Loss
Changes in body weight in different groups are shown in Figure 3 . Compared to the control group, the average weight of chickens in AFB1 group was decreased by 47.6%. In the A+W group, the average body weight of chickens was 34.8% higher than the AFB1 group, and 19.7% lower than the control group. There was no statistical difference between W group and control group.
WSW Reduce the AFB1 Content in Chicken Liver
As shown in Figure 4 , AFB1 levels in the liver of AFB1 group and A+W group were 0.11 μ g/kg and 0.06 μ g/kg, respectively. The AFB1 content in liver was reduced by 45.5% in A+W group compared with the AFB1 group.
WSW Alleviate AFB1-Induced Inhibition of Hepatocellular Autophagy
Hepatocytes ultra-microstructure examination (Figure 5) showed that autophagosomes can be found in control, A+W and W groups (green arrows). In control, A+W and W groups, the ultra-microstructure of hepatocytes was normal. Observe the ultra-microstructure of hepatocytes in AFB1 group, autophagosome was hardly found, whereas nuclear pyknosis, chromatin accumulation, mitochondrial cristae breaking, and mitochondrial structure disappearance occurred often. Autophagy-related protein LC3a expression in liver was decreased by 74% in AFB1 group and was increased by 15 and 18%, respectively, in A+W and W groups in comparison with control group (Figure 6a and b) . Compared to control group, the LC3b-II/LC3b-I ratio was reduced by 83% in group AFB1 and was increased separately by 24 and 71% in A+W group and W group (Figure 6a and c) . The hepatic mTOR protein ( Figure 6a and d) and mRNA ( Figure 6e ) expressions were extremely enhanced by 428 and 285% in chickens exposed to AFB1. In A+W group, the mRNA and protein expressions of mTOR were decreased by 28 and 75.8% compared to AFB1 group. The mRNA (Figure 6e) relative expression of mTOR in A+W group was still higher than the control group. But the mTOR protein relative expression in A+W group showed no statistical difference to the control group (Figure 6d) . In W group, the mTOR protein expression was lower than the control but the mRNA expression was approach to control group (Figure 6d and e). The mRNA relative expression of hepatic beclin-1 was decreased by 60% in AFB1 group and was not statistically changed in A+W and W groups in comparison with control group (Figure 6f ). The P53 protein expression in hepatocytes cytoplasm was increased by 246% in AFB1 group and was not statistically changed in A+W and W groups in comparison with control group (Figure 6g and h).
WSW Alleviate AFB1-Induced Hepatocellular Apoptosis
As shown in Figure 7 , the ultra-microstructure of hepatocytes from AFB1 group gave evidence of apoptosis. Nuclear pyknosis can be easily found. The chromatin gathered toward the edge of the nucleus. The mitochondrial cristae disappeared and macrovesicular occurred in the cytoplasm. The cell size reduced obviously that means cell shrinkage. The ultramicrostructure of hepatocytes in the control, A+W and W groups were clear and intact. The nuclei were round and the chromatin was well distributed. The mitochondria structure was intact and clear. The expressions of apoptosis associated genes and proteins are shown in Figure 8 . Hepatic Caspase3 and Bax proteins and mRNA expressions were all extremely increased in AFB1 group in comparison with control group (Figure 8a-e) . Compared to AFB1 group, the Caspase3 and Bax protein and mRNA relative expressions were all significantly reduced in A+W group. In the W group, the hepatic Caspase3 and Bax proteins, and the bax mRNA expressions were obviously decreased compared to control group (Figure 8a-e) . Hepatic bcl-2 mRNA expression was increased by AFB1 feeding (2.18-folds) and AFB1+WSW feeding (7.18-folds) compared to control group (Figure 8f) . Interestingly, the bcl-2 mRNA expression in A+W group was obviously higher than AFB1 group and control group. But there is no evidence of difference between W group and control group in hepatic bcl-2 mRNA expression. Compared to the control, P53 protein relative expression in hepatocellular nucleus, and the mRNA expression of hepatic p53 were both increased in chicken fed with AFB1 (Figure 8g-i) . In A+W and W groups, P53 protein expression in hepatocellular nucleus, and hepatic p53 mRNA expression were much lower than AFB1 group. There was no statistical difference in control, W, and A+W groups. 
WSW Alleviate AFB1-induced Liver Inflammation
Liver inflammatory related genes mRNA and protein expressions results were revealed in Figures 9 and 10 . Hepatic TLR4 protein and mRNA expressions, hepatocellular nucleus NF-κ B p65 protein expression, and hepatic NF-κ B p65 mRNA expression were all significantly increased in AFB1 group compared to the control group (Figure 9a-e and h) . When compared to the AFB1 group, WSW feeding obviously reduced the TLR4 protein and mRNA expressions, nucleus NF-κ B p65 protein expression, and NF-κ B p65 mRNA expression. There is no statistical difference between control group and W group in hepatic TLR4 protein and mRNA expressions, nucleus NF-κ B p65 protein expression and NF-κ B p65 mRNA expression. It was shown in Figure 9f and g that NF-κ B p65 protein expression in hepatocellular cytoplasm was significantly decreased in AFB1 group in comparison with control group. Compared to AFB1 group, the cytoplasmic NF-κ B p65 protein expression was obviously increased in A+W group, but still a little lower than control group. Compared to the control, WSW feeding alone did not change the NF-κ B p65 protein expression in hepatocytes cytoplasm statistically. The IL-1β , IL-6, and IL-8 mRNA relative expressions in liver were significantly increased in AFB1 group in comparison with the control group (Figure 10a-c) . In A+W group, the IL-1β , IL-6, and IL-8 mRNA expressions were obviously reduced in comparison with AFB1 group although remains statistically higher than control group. Hepatic IL-1β , IL-6, and IL-8 mRNA expressions in W group showed no statistically difference compared to the control. As shown in Figure 10d and e, the hepatic IL-10 and HO-1 mRNA Figure 5 . The ultra-structure of broilers hepatocellular autophagy. Image of control group was 25,000 × the original magnification. Images of AFB1, A+W and W groups were 15,000 × the original magnification. Autophagosomes can be easily found in control, A+W and W groups, which are pointed by the green arrows. In AFB1 group, the autophagosome was hardly to be found, and nuclear pyknosis appeared commonly. The chromatin accumulation in hepatocytes nucleus is pointed by red arrow. relative expressions were, respectively, reduced by 84 and 52% in AFB1 group in comparison with the control group. The hepatic IL-10 and HO-1 mRNA expressions in A+W group were much higher than AFB1 group, and showed no statistical difference relative to control group. In the group fed with WSW alone, the IL-10 and HO-1 mRNA expressions in liver were enhanced by 224 and 26% separately compared to the control group.
DISCUSSION
AFB1 is the most common carcinogenic pollutant in broiler chicken feed. Liver is the primary target organ of AFB1. AFB1 induced liver damage and immunity inhibition increase the susceptibility of chickens to infectious diseases, result in the severe decrease of broilers productions (Kraieski et al., 2016; Yuan et al., 2016) . The AFB1 residual in broiler chickens maybe harmful to human and the public health. So that finding an economical, safe, and effective method to protect broilers against AFB1 poisoning is extremely urgent. This study explored the potential of WSW, the water-soluble castoff in gluten production, in protecting broiler chickens against AFB1-induced liver injury as an economical, safe, effective method.
In conditions of different levels damage in hepatocytes, ALT from cytoplasm and AST from mitochondria leak out, because the membrane permeability is enhanced and the mitochondrial membrane is disrupted. The GGT in serum primarily comes from the hepatobiliary system. In heavily injured hepatocytes, GGT from smooth endoplasmic reticulum will leak out into blood. The up-regulation of ALT, AST, and GGT in serum hinted that the hepatocytes of AFB1 exposed chickens were heavily damaged. ALP is synthesized in bone, and then transported into liver through blood, and finally excreted by the biliary system. The increase of serum ALP level in chickens exposed to AFB1 indicated that the biliary excretion was blocked. The decrease of ALT, AST, ALP, and GGT in A+W group compared with AFB1 group give evidence that WSW plays protective role in AFB1-induced liver injury. The histopathological test result (Figure 2) showed that the AFB1-induced hepatocytes steatosis, necrosis, and inflammatory cells infiltration were significantly alleviated by WSW feeding. The data in Figure 3 indicated that AFB1 poisoning significantly inhibited the growth of broilers, and WSW alleviated the AFB1-induced weight loss obviously. The results in Figure 1, 2 and 3 give no evidence of liver damage and weight loss in W group, which means WSW feeding can protect liver against AFB1 Figure 7 . The ultra-structure of broilers hepatocellular apoptosis. Image of control group was 12,000 × the original magnification. Image of AFB1 group was 20,000 × the original magnification. Images of A+W and W groups were 15,000 × the original magnification. There is no evidence of ultra-structural abnormal in images of control, A+W and W groups. While severe cells damage indicated by nuclear pyknosis, mitochondrial cristae broken and mitochondria structure disappearance were commonly found in image of AFB1 group. The chromatin accumulation in cell nucleus is pointed by red arrow. toxicity and WSW does not harmful to chicken liver and the broilers growth. The function of WSW in alleviating AFB1-induced chicken liver injury is firstly reported by this study. Analyze the results in Figure 4 , we can get a clue that reducing the AFB1 content in chicken liver is one of the mechanisms by which WSW protects liver against AFB1 toxicity. Our invention of using WSW as a detoxicant of AFB1 in broiler chickens has been approved Chinese national patent (Patent No. 201, 710, 215, 197.4) .
Autophagy is an intracellular adaptive protection mechanism that involves in regulating the regression of hepatotoxicity induced by various exogenous chemicals (Czaja et al., 2013) . The data in Figure 5 and Figure 6 give us a clue that AFB1 impedes the recovery of hepatocytes damage via inhibiting autophagic activity. The down-regulation of hepatic beclin-1, and the up-regulation of mTOR and cytoplasmic P53 protein expression in AFB1 group indicated that AFB1 inhibits hepatocytes autophagic activity via regulating beclin-1, mTOR, and cytoplasmic P53 expressions. When compared to AFB1 group, the increase of hepatic beclin-1, and the decrease of hepatic mTOR and cytoplasmic P53 expression in A+W and W groups hinted that WSW accelerates hepatocytes autophagy via promoting beclin-1 expression and inhibiting mTOR and cytoplasmic P53 expressions.
In recent years, AFB1 has been reported in trigger hepatocytes apoptosis via regulating apoptosis related genes and proteins in human, mouse, turkey, ducks, etc. (Liao et al., 2014; Monson et al., 2014; Alm-Eldeen et al., 2017; Mughal et al., 2017) . Research about the effect of AFB1 on the hepatocytes morphological structure and function in broiler chickens is still limited. In vitro study showed that AFB1 induces broiler primary hepatocellular caspase3 and caspase9 expressions and apoptotic cells number increase (Liu and Wang, 2016) . In vivo studies reported that whether AFB1 can induce chicken hepatocytes apoptosis depends on the AFB1 exposure dose and time (Yu et al., 2015) . Age is also an important factor influences the sensitivity of chickens to AFB1 (Yunus et al., 2008) . Young chickens are more sensitive to AFB1 than adult chickens. In our research, the one-day old young chickens have been fed with diet containing 5 mg/kg AFB1 for 28 d. The results in Figures 7 and 8 indicated that AFB1 induces hepatocytes apoptosis via promoting hepatic Caspase3, Bax and P53 expressions; WSW alleviated AFB1 induced hepatocytes apoptosis via inhibiting Caspase3, Bax and P53 expressions and promoting anti-apoptosis gene bcl-2 expression. Hepatic Caspase3 and Bax expressions in W group were statistically lower than control group, which hinted that WSW regulates hepatocellular apoptosis via controlling hepatic Caspase3 and Bax levels. Interestingly, hepatic bcl-2 mRNA relative expression was increased in AFB1 group and was far more increased in A+W group (Figure 8f ). It has been reported that some apoptosis-related genes also involve in regulating cell autophagy (Green and Llambi, 2015) . As a classical anti-apoptotic gene, bcl-2 was reported participates in autophagy and regulating autophagic cell death (Elgendy et al., 2011) . Bcl-2 sequesters beclin-1 to inactivate beclin-1 and further inhibit autophagic activity (Pattingre et al., 2005) . In our research, hepatic bcl-2 was up-regulated and beclin-1 was down-regulated after 28 d of AFB1 exposure. Thus, we speculate that inhibiting hepatic beclin-1 expression via promoting bcl-2 expression is one of the pathways by which AFB1 inhibits hepatocytes autophagy. The increase of bcl-2 expression in A+W group and the morphological test results (Figures 2 and 7) give a clue that WSW feeding-induced hepatic bcl-2 up-regulation contributes to alleviating AFB1 induced hepatocellular apoptosis.
TLR4 is commonly considered to be the most important cell receptor in receiving lipopolysaccharide signals. NF-κ B is the final functional molecule of TLR4 signaling pathway and plays a key role in regulating inflammation (Fitzgerald et Yamamoto et al., 2003) . In non-stimulated cells, most of the NF-κ B dimers exist in an inactive state by binding to one of the three inhibitors (Iκ Ba, Iκ Bβ, Iκ Bε) in the cytoplasm. Various cell signals activate NF-κ B by degrading Iκ Bs. Then, the activated NF-κ B translocated into the nucleus and regulates DNA expression. In our study, the up-regulation of TLR4 expression and the transfer of NF-κ B into nucleus means TLR4/NF-κ B pathway was activated in AFB1 group (Figure 9 ). It indicated that the toxicity signal from AFB1 exposure can be recognized by TLR4 and transported through TLR4/NF-κ B signaling pathway. IL-1 is also an important molecule involves in activating NF-κ B signaling pathway He and Karin, 2011) . The increase of hepatic IL-1β in AFB1 group (Figure 10a) gives a clue that IL-1/NF-κ B maybe also a pathway through which AFB1 induce liver inflammation. In chicken livers exposed to AFB1, the up-regulation of IL-1β , IL-6, and IL-8, down-regulation of IL-10 and HO-1 (Figure 10) , and severe inflammatory cells infiltration (Figure 2 ) indicated that AFB1 induces liver inflammation by promoting pro-inflammatory genes (IL-1β , IL-6, IL-8) expressions and inhibiting anti-inflammatory genes (IL-10, HO-1) expressions. Compared with AFB1 group, hepatic TLR4, IL-1β , IL-6, IL-8 expressions were obviously reduced, NF-κ B activity was inhibited, IL-10 and HO-1 expressions were significantly enhanced in A+W group. These phenomena hinted that WSW alleviates AFB1 induced liver inflammation via impeding TLR4/NF-κ B and IL-1/NF-κ B pathways, inhibiting pro-inflammatory genes (IL-1β , IL-6, IL-8) expressions, and accelerating anti-inflammatory genes (IL-10 and HO-1) expressions. The extreme increase of hepatic IL-10 and HO-1 expressions in W group further gives evidence that WSW protects chicken against AFB1-induced liver inflammation via promoting IL-10 and HO-1 expressions.
To explore an economical, safe, and effective method for preventing the AFB1-induced liver toxicity in broiler chickens, our research investigated the potential of WSW in interfering AFB1-induced broilers liver damage. The results showed that WSW feeding can protect broilers liver against AFB1 toxicity via reducing the AFB1 content in liver, promoting hepatocellular autophagy, impeding hepatocytes apoptosis, and inhibiting liver inflammation. Give a conclusion that WSW incorporation in broilers diets is a potential method for preventing AFB1-induced liver injury.
